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(54) Ink jet printing process 

(57) An ink jet printing process for improving the 
ozone stability of an Inkjet image comprising: 

a) providing an ink jet recording element comprising 
a support having thereon a porous image-receiving 
layer having interconnecting voids; and 

b) applying droplets of a liquid ink on the image-re- 
ceiving layer in an image-wise manner, the ink com- 
prising water, humectant and a metallized, phthalo- 
cyanine dye, the metallized, phthalocyanine dye 
comprising the formula: 



tuted alkyi group having from 1 to 1 5 carbon atoms, 
a substituted or unsubstituted aryl group, or a sub- 
stituted or unsubstituted heterocyclic group; 
R' represents a substituted or unsubstituted alkyi 
group having from 1 to 15 cartDon atoms containing 
a hydroxy group, a substituted or unsubstituted aryl 
group containing a hydroxy group or a substituted 
or unsubstituted heterocyclic group containing a hy- 
droxy group; and 

b is from 1 to 4, with the proviso that a + b is an 
average of from 3 to 4. 



MPc(S03X)3(S02NRR')j, 



wherein: 



M represents a metal; 

Pc represents a phthalocyanine nucleus; 

X represents hydrogen, alkali metal or an organic 

cation; 

a is from 0 to 2; 

R represents hydrogen; a substituted or unsubsti- 
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Description 

rOOOIl This invention relates to an ini< jet printing process for improving the ozone stability of an ink jet image. 
00021 ink jet printing is a non-impact method for producing images by the deposition of ink droplets in a p.xel-by- 

5 Pixel manner to an image-recording element in response to digital signals. There are various methods whch may be 
utilized to control the deposition of ink droplets on the image-recording element to yield the desired image. In one 
process known as continuous Inkjet, a continuous stream of droplets is charged and deflected In an imagew.se manner 
onto the surface of the image-recording element, while unimaged droplets are caught and retumed to an ink sump, in 
another process, known as drop-on-demand Inkjet, individual ink droplets are projected as needed onto the image- 

10 recording element to form the desired image. Common methods of controlling the projection of ink drop ets in drop- 
on-demand printing include piezoelectric transducers and themnal bubble fomtiation. Inkjet printers have found broad 
applications across markets ranging from industrial labeling to short run printing to desktop document and pictonal 

rooS^ The inks used In the various ink jet printers can be classified as either dye-based or pigment-based. A dye is 
»5 a colorant which is moleculariy dispersed or solvated by a carrier medium. The carrier medium can be a "qu'J O"- a 
solid at room temperature. A commonly used can-ier medium is water or a mixture of water and organic co-solvents. 
Each individual dye molecule Is surrounded by molecules of the carrier medium. In dye-based inks no particles are 
Observable under the microscope. Although there have been many recent advances in the art of dye-based ink jet 
inks such inks still suffer from deficiencies such as low opttaal densities on plain paper and poor light-fastness. When 
20 water is used as the carrier medium, such inks also generally suffer from poor water-fastness. 

r00041 Theinkjetreceivingelementsthatcanbeusedwiththeabovementionedinksmustmeetseveralrequirements 
including producing high density images that will not smear, bleed or wander when exposed to water for short periods 

rOOOSl " U S Patents 4.632,703, 6.149,722 and 6,015,896. WO 00/08103 and WO 98/49239 relate to inks containing 
phthalocyanine dyes used in ink jet printing. However, there Is no disclosure in these references that these inks would 
be useful with a recording element containing a porous image-receiving layer. 

[0006] It is an object of this invention to provide an ink jet printing process for Innproving the ozone stability of an ink 

[O0OTl^%hese and other objects are achieved in accordance with the present invention which comprises an ink jet 
30 printing process for improving the ozone stability of an ink jet image conrprising: 

a) providing an ink jet recording element comprising a support having thereon a porous image-receiving layer 

having interconnecting voids; and ..... • • 

b) applying droplets of a liquid ink on the image-receiving layer in an image-wise manner, the ink comprising water. 
35 humectant and a metallized, phthalocyanine dye. the metallized, phthalocyanine dye comprising the fom^ula: 

MPc(S03X)a(S02NRR*)b 



25 



40 wherein: 

M represents a metal; 

Pc represents a phthalocyanine nucleus; 

X represents hydrogen, alkali metal or an organte cation; 

R represe°nte hydrogen; a substituted or unsubstituted alkyi group having from 1 to 1 5 cartson atoms, a sub- 
stituted or unsubstituted aryl group, or a substituted or unsubstituted heterocyclic group; 
R" represents a substituted or unsubstituted alkyI group having from 1 to 1 5 carbon atoms containing a hydroxy 
group, a substituted or unsubstituted aryl group containing a hydroxy group or a substituted or unsubstituted 
so heterocyclic group containing a hydroxy group; and 

b is from 1 to 4, with the proviso that a + b is an average of from 3 to 4. 

It was found that the ozono stability of an ink jet image was improved using the compounds described herein. 
[00081 In a preferred embodiment of the invention, the metallized, phthalocyanine dyes which may be used include 
55 the following: 

MPc(S03X)a(S02NHR')b 
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(M is Cu, and X. Pc. a and b being defined as above) 
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Table 1 




Dye 


R' 




1 
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^OH 
OH 
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3 
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-CH2CH2OH 



^0 
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(R = R' > 



MPc(S03X)3(S02NRR')j, 
-CH2CH2OH, and X, Pc, a and b being defined as above) 



Table 2 



Dye 


M 


5 


Cu 


6 


Ni 



[OOOOJ In another preferred embodiment of the invention, R represents a substituted or unsubstituted alky! group 
having from 1 to 1 Scarbon atoms containing a hydroxy group, an aryl group containing a hydroxy group ora heterocyclic 
substituent containing a hydroxy group. k"' oHeierocyciic 

^ri""^^ employed in any amount effective for the intended purpose. In general, 
good results have been obtained when the dye is present in an amount of from 0.2 to 5 % by weight of the ink jet ink 
composition, preferably from 0.3 to 3 % by weight. Dye mixtures may also be used 

[0011] The support for the ink jet recording element used in the invention can be any of those usually used for ink 
Ih J!irn T '"I ^J'^^'' P«P«^- plastics such as a polyester-type resin such as poly(ethylene tereph- 

^uSLZ^Tr^'^ resrns. polysulfone resins, methacn^lic resins, cellophane, acetate plastics cellulose diacet^te 
StomTr f • T '"1'°"'** P°'y(«t^y'«"« naphthalate), polyester diacetate. various glass materials, and 
^nnn n ? ■ '^ ^ ^"^^ ^ m.crovoided polyester described in copending U.S. S.N 09/656.129, filed August 29 
nam« of w "'"^ "^'^"^^ ^'"'^ Industries. Inc.. Pittsburgh, Pennsylvania under the trade 

™tlJn .foT'^'^ OPPalyte® films (Mobil Chemical Co.) and other 

eZorfroriffolon "V? ","^ '? ""'^ '''"'"""^ ^"PP*"^ ^"'P"*^^ '''^ '"vention can be. for 

example, from 1 2 to 500 \im, preferably from 75 to 300 iisn. 

\?Z'Sr.r!'T''''^T^' ^""^f .«9«"'«- Plasticizers and other known additives may be incorporated into the support 
If desired. In a preferred embodiment, paper is employed. =>uhh"'i. 

11 ^ ^'^'T** °f '"mention the porous ink-receptive layer contains inorganic particles such 

as sil ca, alumina, titanium dioxide, clay, calcium carbonate, barium sulfate, or zinc oxide. In another preferred embod- 
irnent the porous ink-receptive layer comprises from 30 % to 95 % inorganic particles and from 5 % to 70 % polymeric 
SvfrLn !.c^ ^1 • Py^o'i'^'^one) or Pofy(vinyl acetate). The porous ink-receptive 

InTs Pa:lr5^^^^^^^^ mtero-porous structu^s without inorganic filler particles as shown 

[0014] Examples of binders which may be used in the image-receiving layer include polyvinyl ateohol. polyvinyl pyr- 

rooi ?r S. u T/°P^"«= P°'y'"®^ '"ay present in an amount of from 0.4 to 30 g/m2 preferably from 1 to 1 6 g/rJ 
[001 5] The pH of the aqueous inkcompositions of the invention may be adjusted by the addition of organic or inorgante 
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acids or bases. Useful inks may have a preferred pH of from 2 to 7. depending upon the type of '^^^''^'"f "^^^^^JP"^!' 
rnoraanic ilds include hydrochloric, phosphoric and sulfuric acids. Typical organic acids include methanesuKonic. 
SandTacfc Sdl^^^^^^ inorganfc bases include alkali metal hydroxides and carbonates. Typical organic bases 
include ammonia, triethanolamine and tetramethylethylenediamine. . dn/inn mit or 

Miei A humectant is employed in the ink jet composition of the invention to help prevent J""^ j u 
crus«ng in the orifices of the printhead. Examples of humectants which can be used include polyhydnc ^'coho's^ such 
relirne glycol diethylene glycol, triethylene glycol, propylene glycol, tetraethylene Qlycol. polyethylene gJ^coK 
S^ce^^a methy°2.4-peLnec?^^ 

Sco ssucras ethylene glycol mono-methyl or mono-ethyl ether, diethylene glycol mono-methyl or 'non°-et»^y' ^^er 
pSrene gfyc'r^^ or mono-ethyl ether, triethylene glycol mono-methyl or mono-ethyl ether, diethylene 

dvcrd"meLl or di-ethyl ether, and diethylene glycol monobutylether. nitrogen<ontaining cyclic compounds, such 
iC^olilTe N-mlthyl'2-pyrrolidone, anJ 1 ,3-dimethyl-2-imidazolidinone: and sutfur<:onta.mng compounds such 
as dir^Sl sulfoxide and te'amethylene sulfone. A preferred humectant for the composition of the invention « dieth- 

p/^w^tSbirrsT^r^^^^^ 

Se reLei^^fg substrate, especially when the substrate is a highly sized paper. Examples of such solvents include 
ateohols such as methyl alcohol, ethyl ateohol. n-propyl alcohol, isopropyl alcohol, n-butyl atoohol, s^c-butyl alcohol, 
f-bCalcohoy ^soruty? alcohol, urfuryl alcohol, and tetrahydrofurfuryl alcohol; ketones or ketoalcohols such as ace- 
tontmX ethyl ketone and diacetone alcohol; ethers, such as tetrahydrofuran and dioxane; and esters, such as. 
ethyl lactate, ethylene carbonate and propylene carbonate. ^, -n,.. e,.rfa^tante 

raoiai Surfactants may be added to adjust the surface tension of the ink to an appropnate level. The surfactants 
Zlt aSontclJonTc amphoteric or noLnic. A preferred surfactant for the ink composition of the present invention 
iQ <5urfvnol® 465 (Air Products) at a final concentration of 0. 1 % to 1 .0%. 

7f^^TTi>^6ZSte added to the composttion of the invention to suppress the growth of m«ro-organ.sms such 
as molds funTetc. In aqueous inks. A preferred biocide for the ink composition of the present invention is ProxeKB. 
nY\ /zeneca Soecialtles Co.) at a final concentration of 0.05-0.5 wt.%. 

r^^f A^fcaT^Tk^^^^^^^^ of the invention may comprise, for example, the following subs«tuents by weig t: 
Snt (0 2^%). water (20-95%). humectant (S-70%), water miscible co-solvents (2-20%), surfactant (0.1 -10 /o). bio- 

Si^ir Adl^al Sdra?rhtiroptS.y be present in the ink jet ink compos.on of the invention include 
thickeners conductivity enhancing agents, anti-kogation agents, drying agents, and defoamers. 
rSoKl ThrinigT^^^^ layer used in the process of the present invention can also contain vanous known ad- 
S inctfd ^maSrents such as titanium dioxide, zinc oxide, silica and polymeric beads such as crosslinked 
p! vSe thyl S^^^ polystyrene beads for the purposes of contributing to the non-blockmg character«tK:s 

and trHroTrheTmudgi resLn^ thereof; surfactants such as non-ionic, hydrocarbon or f "^^^^^^^ 

or cationic surfactants^such as quaternary ammonium salts; fluorescent dyes; pH controllers; anti-foam ng agents. 
ZttaZ ^ZT^es; viscosity modifiers; dye-fixing agents; waterproofing agents dispersing agents UV- absorb- 
ing agents; mildew-proofing agents; mordants; antistatic agents, antioxidants, optical bnghteners. and the like. A hard- 
ener may also be added to the ink-receiving layer if desired. ,,k.«.„..,s„«rtma» 
[iSai in order to hnprove the adhesion of the image-recording layer to the support^the °» 'Jf^^^JP^'^ "^^^ 

be subiected to a treatment such as a corona-discharge-treatment prior to applying the image-recording layer. 
?002!^^^^n add-C^^ layer, such as a layer fom.ed from a halogenated phenol or a partially M-'V^^^ 

cmorlJe-vinyl acetale copolymer can be applied to the surface of the support to increase ^d^hes-on of t,e -ma^^ re- 
cording layer If a subbing layer is used, it should have a thickness (i.e.. a dry coat thickness) of less than 2 jim. 
iS t' o Jnage-reco^rding layer may be present in any amount which is effective for the 'nte"^^^ P^-^^^^^^ 
general, good results are obtained when it is present in an amount of from 2 to 46 g/m2, preferably from 6 to 1 6 g/m^. 
whteh corresponds to a dry thickness of 2 to 42 ^m. preferably 6 to 1 5 urn. 
[0026] The following examples are provided to illustrate the invention. 

Synthesis of Compound 2 

[00271 compound 2 as illustrated above was prepared as follows: Copper phthalocyanine (14 g) ^^^^^^^^^'ll"^^;^ 
"sulfonic acid (1 25 g) over 45 minutes, while keeping the temperature below 40 -C. The mixture was then heated to 
i- 50 '^ aSd birred for 5 hours. After cooling to room temperature, thionyl chloride (49 g) was added dropw.se over 
30 minutes and the mixture kept at 80 -C for 3 hrs. After cooling to room temperature, the mixture was poured on ice 
L trd vfgorou^ly While keeping the temperature below 5 «C. Precipftate was filtered off, washed «'«--;'y -^^^ 
water at 5 -C and used in the next step. N.N-Bis(hydroxyethyl)trimethylene diamine (27 g and sodium ca*onate 1 5 
g) were dissolved in 500 mL water at 5 -C. Wet phthalocyanine filter cake was added all at once, and the reaction 
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mixture warmed to room temperature, and then heated at 50 "C overnight. Ethanol (1 5 L) was added and mn..fi„ 
morganic material was filtered off. Liqueurs were concentrated, and the product precipitated JJ^ ace^oTe TfterTd o« 

rn^lTarrnl'ne?"'''^^ 
Example 1-Cu Phthalocyanine Dye 
Recording Element 1 

p028I A coating solution for a base layer was prepared by combining fumed alumina (Cab-O-Sperse® PG003 Cabot 
Corp ) poly(vinyl alcohol) (Gohseno® GH-23A. Nippon Gohsei Co., Ltd.) and 2,3-dihydroxy 1 Via^Tblarian 
Corp.) m a ratio of 88:10:2 to give an aqueous coating formulation of 30% solids by weight 

S c'l^ofro^rn^r„''°J]/'°' T i^'l^lw^t'"^ ""^^ ^'^^^'^ Combining fumed alumina (Cab-O-Sperse® 
PG003, Cabot Corp.). poV(vinyl alcohol) (Gohsenol® GH.23A, Nippon Gohsei Co.) and Polymer A in a ratio of 85 3- 

size of from 7 to 40 nm m diameter and are aggregated up to 150 nm. Surfactants Zony® FSN (E I du Pont de 
rnr«r^^"*^ ^ ^"'^ ' ^^''"^ ) small amounts as bating aids 

H ?l ]S ''"^""^ solutions were simultaneously bead-coated at 40 • C on poVethylene-coaied paper base 
Which had been previously subjected to corona discharge treatment. The Image-receiving layer was coated on top of 
Z^^^Iof^VT"^ T at 60 • C by forced air to yield a two-layer recording element in which the 
thicknesses of the bottom and topmost layers were 40 ^m (43 g/m2) and 2 jun (2.2 g/m2). respectively. 

Recording Element 2 

i^h*^*! n.IJ^'?'?'T''!l''°'"TL°'^''^"^''^"^'''® '^"^'"S ^'^'"^"^ ^""^ ^ P^"^"® image-receiving layer was used: Konica 
Photo Quality Ink Jet Paper QP. No: KJP-LT-GH-15-QP PI. 

Preparatton of Invention Inks 

^ S?? ■ '""^ "^yes employed in the invention as illustrated above and identified in Table 3 were prepared 

TnJ T2 J!" '=°"t«'"'"g humectants of diethylene glycol and glycerol, each at 6%, a biodde, Proxel® GXL at 
sXlrab,::!' '"''T"' S"?'"^'® ^"^^ ''^'^"'^^^ ' «^y« concentration wT^ bafed on 

6eZ S^S^oZ^^^T ""^ ' ^'^"^ ^ °P«-' 

Preparation of Control Inks 

!?h>? These inks were prepared the same as the Invention Inks except that the following control dyes were used 
Which are metallized phthalocyanine dyes but which have different substltuents than those set forth in the JlvenWon 
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C-1 Direct Blue 199 

0-2 CuPc(SO3Na)3(S02NH(CH2)3SO3Na)b 
C-3 CuPc(S03Na)c; c is from 2 to 4. 

(Pc and a are defined as above in the formula) 

Printing of Test Images 

Im!!'. ?T ^'^^^'^"^ '"^ ""^'^ ^ ^ "^^ polytetrafluoroethylene filter and placed into an 

empty Lexmark ,nk cartridge, No: Lexmak 15MO120. and fitted into the ink station of a Lexmark Z-51 printer A test 

Evaluation of Test Imag es 

! 00? ^'^'"^ '^^"^^'^^ °' P^*'^^'^^ corresponding to 75% and 

is I^td il ml xT ZTr^'^ "^'"^ ^" """"''^ densitometer. The red density at 1 00% dot coverage (d-max) 
IS listed in the Table 3 below. The stepped images were then placed in a dark chamber containing air and ozone gas 
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«t S Dom at 50% RH for 3 days. The Status A densities of the stepped images were re-measured and the retained dye 
S?n SUt?s A for the 75^/0 dot coverage patches were calculated for each ink and are also listed m the 

following Table 3. A % retained value of greater than 45 % is considered to be acceptable. 

Table 3 
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Ozone Fade % Retained 


Ink Containing Dye 


Recording Element 1 


Recording Element 2 


1 


93 


87 


2 


94 


82 


3 


80 


NA 


4 


92 


NA 


5 


93 


84 


C-1 


24 


23 


C-2 


20 


18 


C-3 


20 


19 



r00361 The above results show that the combination of the metallized phthalocyanine dyes as described in the in- 
vention with a porous image-receiving layer produced less fade than the control dyes in the ozone test. 

Example 2-Ni Phthalocyanine Dye 
Preparation of Invention Ink 

[00371 An ink was prepared similar to the Invention inks in Example 1 above, except that it contained dye 6. 
Preparation of Control Ink 



[0038] This ink was prepared the same as 



the above Invention Inks except that the following control dye was used 



whtoh has different substituents than those set forth in the invention: ^„ , 

C-4 Ntekel (II) phthalocyaninetetrasulfonic acid, tetrasodium salt (Aldnch Chemical Co.) 

Printing of Test Images and EvaluaBon 

[0039] The above prepared inks were printed and evaluated as in Example 1 with only Recording Element 1 The 
following results were obtained: 

Table 4 



Ink Containing Dye 


Ozone Fade % Retained 


6 


100 


C-4 


44 



[00401 The above results show that the combination of the metallized phthalocyanine dyes as described in the in- 
vention with a porous Image-receiving layer had no fade as compared to the control dye in the ozone test. 



Claims 
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1 . An ink jet printing process for Improving the ozone stability of an ink jet image comprising: 

a) providing an ink jet recording element comprising a support having thereon a porous image-receiving layer 
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fo^n^u^^^^^^ ^""^ ^ metallized, phthalocyanine dye. said metallized, phthalocyanlne dye comprising the 

MPc(S03X)^(S02NRR»)j, 

wherein: 

M represents a metal; 
Pc represents a phthalocyanine nucleus; 
X represents hydrogen, alkali metal or an organic cation: 
a is from 0 to 2; 

R represents hydrogen; a substituted or unsubstituted alkyi group having from 1 to 15 carbon atoms a 
substituted or unsubstituted aryl group, or a substituted or unsubstituted heterocycHc group- 

represents a substituted or unsubstituted alkyI group having from 1 to 15 carbon atoms containing a 
hydroxy group, a substituted or unsubstituted aryl group containing a hydroxy group or a substituted or 
unsubstituted heterocyclic group containing a hydroxy group; and 
b is from 1 to 4, with the proviso that a + b Is an average of from 3 to 4. 

2, The process of Claim 1 wherein said porous image-receiving layer having interconnecting voids comprises organic 
or inorganic partrculate materials in a pofymeric binder. organic 

^" l^lZT^i ^'^'""k^ ""^^'^'^ ^^'"^ '"^'^^"'"^ P^^^^'^^ ^^'"P"^^ <i'o^ide. clay, calcium 

carbonate, barium sulfate, or zinc oxide. v-aiuium 

4. The method of Claim 1 wherein said porous image-receiving layer comprises from 1 0% to 95 % inorganic particles 
and from 5 % to 90 % of a polymeric binder -"«'g«inic paracies 

30 ^' JoTy("nrace?ate^^^ ^ ^^"^"'^ " P^'^^''"^' "*^°'^'>' P^'y^^'"^ PV^olidinone) or 

6. The process of Claim 1 wherein said R represents hydrogen. 

7. The process of Claim 1 wherein said R' represents 



-OH 



OH 



-(CHjh^V^ 



OH 



or 
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-CHgCHgOH 



8. The process of Claim 1 wherein M represents copper, nickel, aluminum, zinc, iron, or cobalt. 

9 The process of Claim 1 wherein R represents a substituted or unsubstituted alky! group having from 1 to 1 5 carbon 
atoms containing a hydroxy group, an aryl group containing a hydroxy group or a heterocyclic substituent containing 
a hydroxy group. 

10. The process of Claim 1 wherein M represent Cu or Ni. and each R and R' represents -CHgCHgOH. 
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